This paper has as object the study of the effects of prudential regulation on the financial stability. Using panel data, we select a sample of Tunisian bank over the period 1996-2014. The findings show the significant and negative effect of capital requirements.
Introduction
Financial stability is still a preoccupation of the international financial regulatory authorities because of its importance in a healthy and regular economic development process. It is frequently defined by the absence of instability of the financial system which, through the increased interconnection of its different components, has become more exposed to destabilizing problems such as risks and crises.
The financial stability, necessary for the economic growth, affects the financial institutions. It presents a great importance for the financial system. The regulatory and prudential frameworks are renovated by passing from Basel I to Basel II and Basel III, aimed at strengthening the stability and thereby enhancing the resilience of domestic and international financial systems to shocks and crises. The financial institutions have to respect the dictated and mandatory rules.
The period, beginning of 2007 until today, is marked by a cascade of difficulties at national and international level. The economic situation is affected by the financial crisis of subprime, without neglecting the series of revolutions which knew the world and the European crisis, in particular, the sovereign debt such as in Italy and in Greece.
Further to the crisis, it was imperative to strengthen and to deepen the statutory standards in terms of regulatory capital and this because of its insufficiency during the disturbances, to face the shocks which affected the financial system.
The international authorities of regulation, through Basel III, imposed more demanding standards and coverage, in front of multiple risks and a more explicit supervision by macro-prudential means.
The international adoption of the Basel I and Basel II Capital Adequacy or Minimum Capital Requirements is one of the key financial innovations known by the Banking sector since the nineties. With Basel III, the new standardization guidelines are being applied in many countries. According to the latter guidelines, financial stability can be ensured by both micro and macro-prudential approaches. Indeed, the macro-prudential approach focuses on systemic risks and their emergence, while the micro-prudential approach focuses on individual risks, particularly those of banks. The solvency of banking and financial institutions worries international financial authorities which seek a certain degree of risks control, mainly credit, market and operational ones.
In this context, the objective of our study is to identify the nature of the relationship between regulation and stability. It is organized as follow. In section 2, we present a literature review. Section 3 explains empirical methodology: the selected variables and the model used. In section 4, we report results and interpretation.
Literature Review
According to Shrieves and Dahl (1992) who examined the effect of capital regulation on risk, by studying a sample of US commercial banks for the period 1983-1987, regulatory pressure can contribute to increase the level of capital and limiting bank risk taking.
Following Jacques and Nigro (1997) , Kendall and Levonian (1992) , the rule of regulatory norms designed to minimize the probability of bankruptcy obliges banks to choose high-risk assets. Blum (1999) suggests, within a dynamic framework, that capital adequacy rules may increase the bank risk: the ability to increase equity tomorrow supposes the increase of the risk today.
The aim of Murinde and Yaseen (2004) study was to analyze the impact of the Basel Accord on banking capital and risk levels in the Middle East and North Africa (MENA) regions for the period 1995-2003. They concluded that "capital adequacy" and regulatory pressure have positively affected the level of risk. Agoraki and al (2011) have argued that the stabilizing effects of prudential capital adequacy regulation decline when banks have sufficient market power to increase their credit risk.
According to Hakenes and Schnabel (2011) , the capital requirements effect on the financial stability is ambiguous. This ambiguity is translated by the competition impact on the banking risk management problem. On the basis of a theoretical model, the authors concluded that the regulations in terms of capital can destabilize the banking sector.
Demirgue and Detragiache (2011) reported, on the basis of a sample of multi countries banks, that Basel regulation was not robustly associated with risk measured by z-score reflecting the stability. Agé nor, Alper and Da Silva (2011) analysis based on a dynamic stochastic model, examined bank capital regulation roles in mitigating and promoting financial stability: a Basel III capital regulation may be optimal for promoting stability.
Miklaszewska and al (2012) study, by assessing the regulation impact on bank stability, has showed a decline in this stability during the financial crisis. According to Thakor (2014) , capital requirements are relied upon as a source of individual bank safety and, through the contagion argument, of financial system.
De Souza (2014) study that simulated changes in capital requirements effects on the Brazilian system, showed that large increases in the delinquency rate lead to only modest losses in the system. Similar to Agoraki and al (2011) who noticed the existence of a relation between the requirement of capital and the stability, Hogan (2015) examined the link between the prudential regulation and the insolvency risk of the American banks from 1999 to 2010.
As for Hoque and al (2015) , they tried to verify if the prudential regulations manage to reduce the banking risk during a crisis by studying the case of banks at the world level at the end of 2007. The authors showed that the regulatory restrictions are negatively related to the distance from the default. Regulation seems an effective reducing means of insolvency risk and risk in general. Matynova (2015) advanced that the Basel III argument is the financial stability promotion. Prudential regulation may affect stability by reducing ex-ante incentives to take risk. Cecchetti (2015) summarized the regulatory changes implemented over the past years: as a result of Basel III standards, the financial system is s ubstantially safer but this is not enough.
Methodology
On the basis of the previous studies, we noticed the existence of a set of indicators which can have implications on the financial stability with an emphasis on the banking sector. The adequacy in terms of capital constitutes an essential criterion to analyze the stability of banks. Let us remind that the recent reforms of the prudential requirements constitute innovations. So it seems interesting to study their effects on stability.
In our study, we try to verify if the regulation, in terms of capital adequacy under the supervision of the banking activities, affect the banks stability. According to the realized works, banks operating in an environment legally developed and favoring financial innovations could enjoy or not of more stability.
H 0 : the regulation has an effect on the banking stability.
Indicators Selection
The z-score became an indicator and a measure of the financial solidity used in previous works studying the notion of the bank stability. We can quote the works of Boyd and Runkle (1993), Laeven and Levine (2009) , Uhde and Heimeshoff (2009) , Uhde (2011) and Michalack and Uhde (2012) , Hao (2013) , Lee and Chin (2013) , Hoque and al (2015) and Fernandez and al (2016) .
The Z-score can be determined by using the default probability proposed by Roy (1952) , Blair and Heggestad (1978) , Boyd and Graham (1986) , Scott (1989) and developed by Goyeau and Tarazi (1992) . This probability corresponds to Prob (π<-E): the losses exceed the capital.
Agoraki, Delis and Pasiouras (2011) studied the banking sector of the Eastern Europe over the period 1998-2005 to analyze the relation between the regulation and the default probability. They used the measure of Z-score which takes into account the banking activities risks and the degree of their capital coverage.
According to Fang and al (2011) , Lee and Chin (2013) , a high z-score implies a lower probability of insolvency or a lower default risk and a more important financial stability. This measurement indicates the distance from the failure.
Fernandez, Gonzalez and Suarez (2016) and Ashraf, Zheng and Arshad (2016) works are based on the same indicator to measure the bank insolvency risk: as long as this score is raised as long as the bank is stable.
Zscore is equal to (ROAa+ (E/A) a)/ σ (ROA) with ROAa, E, A and σ (ROAa) represent respectively: the average return on assets, bank equity, bank assets and volatility of the average return on assets.
Many determinants appear able to explain the stability.
Globally and according to what is suggested by the theoretical and empirical literature, we tried to select a set of variables. We choose the most relevant factors.
Reg: is a variable which reflects the prudential requirement and aims, through the respect of the capital adequacy standards, the banking stability and there the financial stability. Among the measures, we opt for a binary variable: it is equal to 1 if there is no respect for the minimum required by the regulations and 0 otherwise.
According to Donath and Cismas (2008) , for financial institutions, financial stability means that they have sufficient capital and liquidity to, respectively, absorb losses, specially, the abnormal ones and to manage the volatility.
Liq: Liquidity ratio is measured by the ratio of realizable assets to liabilities due. A greater liquidity reserve may be associated with a lower risk of insolvency, which confirms the hypothesis of Leaven and Levine (2009).
Cap: The ratio of bank capital. As long as banks are capitalized, as long as they are stable.. We choose this variable according to Ben Salah and Fdhila (2012) and Casu (2012).
Size: The total assets transformed under a logarithmic function. Big banks have more diversification opportunities than small ones. But these same banks, given their activity, probably important in the markets, and their specialization in credit, can be in risky situations. This leads to the assumption of difficulties in ensuring their stability. So we can estimate a positive or negative relationship between size and stability as Agoraki et al (2011).
Npa: The ratio of new provisions to total assets (Fang, Hasan and Marton (2011) ). The deterioration in claims and assets in general can lead to a destabilizing situation for banks. Gdp and Inf: two macroeconomic variables that represent respectively the growth rate of Gdp and the inflation rate. They are introduced by Fang, Hasan and Marton (2011) , Michalak and Uhde (2012) and Diaconu and Oanea (2015) . It seems interesting to integrate such variables in our analysis. Indeed, Gdp is an indicator of economic activity dynamism and growth. In a recession period, we can see an increase in the risk of non-repayment of bank borrowers with a decrease in consumption and investment. Interest rates tend to rise i n periods of inflation; this encourages banks to engage in investments offering opportunities in terms of risky portfolios. But this rates increase causes a difficulty in repaying bank claims, which can affect stability.
Models and Descriptive Statistics
From the above, stability can be studied as a function of the variables cited.
-In a first step, we will analyze the effect of selected variables. We will estimate the model 1:
= 0 + 1 , + 2 , + 3 , + 4 , + , -In a second step, we will introduce the regulation variable and estimate the model 2:
= 0 + 1 , + 2 , + 3 , + 4 , + 5 , + , -In a third step, we will introduce the macroeconomic variables and estimate the model 3:
= 0 + 1 , + 2 , + 3 , + 4 + 5 , + 6 , + 7 , + , Our study focuses on a period from 1996 to 2014 and the case of ten Tunisian banks. Note that the Tunisian Central Bank continues the adoption of Base II and prepares all banks for Basel III. We will proceed with a panel data methodology.
On the basis of table 1, we find that the average score of the Tunisian banks constituting our sample is 4.004 with respective maximum and minimum values of 10.166 and -1.2708. The score is relatively volatile given the level of deviation (1.451). Note that due to non-normality of the Z-score distribution, we use a Logarithmic transformation.
The following table presents a descriptive statistics. The regulation variable (reg) has an average of 0.1842 and a volatility of 0.388. As for the variables (cap), (size), (npa) and (liq), they have respective averages of 0.106, 14.777, 0.0107 and 1.098. In terms of volatility, the four measures appear to be less volatile than the score, in particular (cap) and (npa) with deviations of 0.068 and 0.010. As for the average of the macroeconomic variables, we find a value of 0.041 for the GDP rate and 0.037 for inflation. The two rates are not volatile since they show a deviation of 0.020 and 0.012.
Results and Interpretation
To study relationships cited, we rely on the panel data method. To account for the two effects fixed effect (I) and random effect (II), we refer to the Hausman test. The estimations give us the following summaries tables (Tables 2). The Hausman test allows us to choose the fixed effect (I) for the first model and the random effect (II) for the others models. We can conclude that all models are globally significant.
We try to apply the heteroskedasticity and the autocorrelation tests. These tests show the absence of heteroskedasticity for all the models but the presence of first order autocorrelation: AR (1) (Wooldridge test).
Following the corrections carried out, the model estimates give the table 3 results. The application of post-estimate tests seems interesting Models results 1, 2 and 3 show that the quality of assets, exactly the claims, affects negatively and significantly the stability of the studied Tunisian banks. Indeed, a high ratio involves a low quality so more risk and then less stability. This result confirms that of Fang, Hasan et Marton (2011) . According to size analysis, the big banks are the least stable. This report is in accordance with that of Agoraki, Delis and Pasiouras (2011). As for the liquidity, it exercises no influence on the stability.
The results of models 2 and 3 show, mainly, the negative and significant effect of the regulation on the stability of banks. Recent years have seen a significant progress in reforms, globally, in order to increase the stability of banking systems. In Tunisia, like all countries looking for a greater stability of its financial system through a solid banking sector, it has implemented reforms aimed mainly at better risk management. The authorities of regulation aiming at a financial system more stable through the capital requirement and the Basel guidelines looked for the adoption of international standards in the national financial situation. Recently a higher capital ratio is required: the minimum capital requirement is raised, by the Tunisian Central Bank, from 5% to 8% in 1999 to reach 9% at the end of 2013 and 10% at the end of 2014. Such a requirement may, as Kroszner (2012) argued, force banking institutions which seeking to maintain or improve their equity returns, to engage in riskier activities, which can lead to a fragile banking sector and thus a lack of financial stability. Note that Tunisia is characterized by a bank-based system. So the capital adequacy alone not guaranteed a positive impact on the stability. It must be realized in a complete regulation system by integrating other dimensions of the reform, such as the supervision and the anticipation capacity.
As for the capatilization, a significant and positive effect is detected. This result is in accordance with those of Laeven and Levine (2009) and Fdhila (2012) who suggest that the overcapitalized banks seem more stable: they are capable to absorb losses in the case of a financial difficulty
Concerning the rates of the GDP and the inflation, they exercise, respectively, a positive and negative effect on the level of banking stability. This confirms the report of Uhde (2012) and Diaconu and Oanea (2014) : an economic growth coincides with an increase at the level of the banking stability.
Conclusion
Our work aimed at studying stability has reached to select a set of variables and measures that can affect the probability of default and the risk of insolvency. It concludes, for the case of Tunisian banks o ver the period 1996-2014, the negative impact of the capital requirements. So the capital adequacy alone not guaranteed a positive impact on the stability.
